Metals and alloys are pre-eminent and important materials for the construction and fabrications of material. The destruction of metals is a usual and unavoidable process but my opting suitable measures it is controllable. Corrosion is impossible to eliminate but on implementing certain remedies we can control to some extent. Usage of the inhibitors for corrosion is one of the controlling measures used widely. Many corrosion inhibitors are banned due to their environmental hazards and toxicity they create. It leads to making use of naturally occurring extracts of plant materials. Natural corrosion inhibitors are nontoxic and environmentally friendly. This review article provides a detailed account of natural products as corrosion inhibitors in various corrosive media which are making use for the last few decades.
INTRODUCTION
The technological advancement in the modern age leads to serious engineering problems called corrosion. Many efforts were made to bring under control the onset and thereafter critical effects of corrosion using many preventive measures. Out of several methods, inhibitors usage is one of the most realistic methods of controlling the corrosion, particularly in aggressive media. In order to reduce the rate of corrosion generally, the inhibitors are used. A variety of compounds both inorganic and organic are used as inhibitors for metals corrosion in different aggressive media. However many researchers [1] [2] [3] [4] [5] reviewed the work on the mechanism of corrosion inhibition and other researchers 6, 7 consolidated the work carried out on the effectiveness of green inhibitors. Some researchers [8] [9] [10] have reviewed the work on utilization of plant sources in corrosion protection. Speller 11 is the first researcher who identified the inhibition performance of corroded scaled water pipes in the hydrochloric acid medium using organic inhibitor. A variety of heterocyclic compounds [12] [13] [14] [15] have been accounted as inhibitors for corrosion and still the testing of new synthetic heterocyclic compounds is being persisted. In spite of the potential reports on many inhibitors, most of these inhibitors for corrosion are not only expensive but also nonbiodegradable. This has lead to the search for their replacement. In recent days many rare earth elements [16] [17] [18] and organic compounds [19] [20] [21] [22] have been developed an alternative eco-friendly corrosion inhibitor. During the 1930's the dried seed, stems and leaves extracts of Celandine and other plants were used in H2SO4 pickling. Proteins from meat and milk were also utilized for reducing the rate of acid corrosion. Yeast, molasses, bran, flour and vegetable oil were also used as an inhibitor for metal corrosion. Starch and tars and oils were also 23 or and also received patent rights for the byproducts obtained from food industries in order to prevent the iron corrosion in acid media 24 .
Plant Extract as Corrosion Inhibitor
In the 1960's the researchers traced and used phytochemical products as corrosion inhibitors, however, the derivatives of tannins from plants were used to reduce the rate of corrosion on steel, iron, etc. In the year of 1972, El Hosary and team 25 reported the effect of aqueous extract of Hibiscus subdariffa (Karkade) as an inhibitor for metal corrosion in acidic and alkaline medium. They found that the phytochemical constituents retard the corrosion mitigation process. In 1973, Srivastava and Sanyal explained the influence of nicotine 26 and caffeine 27 as an efficient corrosion inhibitor on MS in neutral media. Cabrera and his co workers 28 established molasses admixed with alkali solution retard the corrosion of steel in HCl. Srivastava and Srivatsava 29 used tobacco, black pepper, castor oil seeds and lignin as inhibitors for MS corrosion in an acid medium and they showed good efficiency in acidic medium. Saleh and his co-workers 30 performed an exhaustive work with Opuntia ficus indica, as a steel corrosion inhibitor. The aqueous extract of the inhibitor is found as a cathodic-type which is get absorbed over the electrode surface in physical nature and follows unimolecular Langmuir adsorption. They were also studied with aloe vera leaves and fruits peels of mango, orange and pomegranate fruits on the corrosion of MS, Al, Zn and Cu in both HCl and H2SO4 acid solutions. They were reported that there is no consistency on the order of efficiency when compared with the metals. It varies for the different metals, whereas mango peels extract performed as the most effective inhibitor for Al and Zn. Pomegranate fruit-shells shoed the better performance on Cu. In 1985 Fabrizio Zucchi and Ibrahim Hashi Omar 31 studied the effect of various plants extracts such as Datura stramonmium, Auforpio turkiale sap and Cassia occidentalis seeds, Azadirachta indicia, Poinciana pulcherrima and Papaia as an inhibitor for MS corrosion in HCl using mass loss and electrochemical studies. They believed that the better performance of corrosion inhibition is mainly due to the phyto constituents formed by the hydrolysis of protein in the plants. Zakvi and Mehta 32 studied the inhibition on corrosion on steel by Swertia Angustifolia in acid media by PDP and LPR techniques were employed in the potentiostatic mode to study the rate of corrosion exposed to hydrogen-saturated for MS in acid solutions. They were observed that the efficiency of the inhibitor raises up to 0.3 g/dm 3 . Similarly, pomegranate alkaloids used as an inhibitor for MS corrosion in H2SO4 by Aymen Hussein and Singh 33 using the technique such as galvanostatic polarization and mass loss measurements from lower to elevated temperatures. It was observed that the alkaloids of pomegranate show a lower efficiency at elevated temperatures. Pravinar and his research team 34 reported that the corrosion inhibition of mild steel and copper in 1 M HCl solution in the presence of an aqueous extract of eucalyptus leaves. It was found that the inhibition efficiency increases with the increase of the concentration of extract and decrease with increase in temperature. Sanghvi and co-workers reported the corrosion inhibitive properties of Terminalia belivia, Terminalia chebula, Embilica officianilis 35 , Accacia conicianna and Sapindus trifolianus 36 for corrosion protection of steel in acid medium. Ebenso and his team performed the inhibitive properties of Carica papaya 37 , Neem 38 for mild steel corrosion in acidic medium. Natural honey has also stepped into retardation of mild steel corrosion and it was reported by El-Etre 39 . Honey has also been used and studied on copper 40 and the investigation shows the retardation of the rate of corrosion in the presence of natural honey in saline water. Aqueous extracts of flowers of Agaricus and hibiscus were used by Minhaj and team 41 for industrial cooling systems as corrosion preventing additives. The leaves of Eucalyptus 42 and Pongamia glabra, Annona squamosa 43 were considered as an inhibitor for corrosion of metal in acid media. The anticorrosion effect of the extracts of Eugenia jambolans 44 on mild steel in acidic media and Acacia Arabica 45 were studied by Verma and Mehta. The usage of the mixture of leaves such as anise thyme, coriander, black cumin hibiscus and garden cress retard the steel dissolution in the aggressive medium was authenticated by Khamis and Al-Andis 46. Natural oils play a vital role in green inhibitors from the plant. Rosemary oil, Pennyroyal oil, Jojoba oil, Artemisia oil, Eucalyptus oil, Lavender oil etc. Natural oil extracted from the various plant on corrosion inhibition of various metals on various aggressive environment reported by many researchers and they are given in Table- 62 are having a reasonable corrosion inhibition on metals in aggressive media. The efficiency of the inhibitor improved with the temperature, corresponding to the chemisorption of the inhibitor on the electrode. Sathyanathan and co-workers extracted inhibitor from Ricimus communis leaves with ethanol and was studied the corrosion protection of mild steel in the acid environment by and found out that the inhibitor behaves as cathodic type 63 . Parikh and Joshi 64 explained the anticorrosion properties of bitter gourd, garlic and onion for mild steel in HCl media using Tafel polarization methods and Vicor" method, a computer aided software programme, were used.they found that the Freundlich adsorption equation is applicable and supported the mechanism of inhibition as being chemisorption. Sethuraman and co-workers reported the anticorrosion effect of Andrographis paniculata 65 and tea wastes 66 . Bothi raja and his team have executed a sequence of examinations on the corrosion protection of MS using various plant extracts. The efficiency of inhibitor declined with temperature and indicated that follow the physisorption. The research was carried out using Black pepper 67 , Datura metel 68 and Strychnos nux-vomica 69 against the deterioration of mild steel in HCl as well in H2SO4. Oguzie used the extract of Telforia occidentalis 70 by weight loss and electrochemical experiments and found that it is highly efficient in acidic media and also studied the effect of the Occium viridis extract 71 on MS corrosion in pickling bath. Chauhan and Gunasekaran 72 executed the corrosion protection of MS in orthophosphoric acid with Zenthoxylum alatum on the corrosion of steel by changing the extract concentrations. They evolved the maximum efficiency of 98 % at 8% aqueous extract at ambient temperature. Leaves of Nypa fructicans wurmb 73 were studied for the corrosion inhibition of mild steel in HCl media by Orubite and HCl was carried out by Abdel-Gaber and his team 74 . The mild steel corrosion inhibitive properties in the presence of seeds and leaves and a combination of both of Phyllanthus amarus 75 was evolved by Okafor and his team. El-Etre 76 has established the inhibition potential for carbon steel corrosion in the presence of zallouh root by weight loss and potentiostatic polarization. They believed that the adsorption mechanism obeys Langmuir adsorption. The performance of the inhibitor falls on raising the temperature. Eddy and his co-workers 77 studied the adsorption properties of Lasianthera Africana for MS corrosion in sulphuric acid by gravimetric, thermometric and gasometric methods. The performance of LA extracts to be a good inhibitor for mild steel corrosion in H2SO4. The halides such as Cl -ions synergistically enhance the adsorption corrosion inhibitor, whereas Br and I retard the adsorption. Synergistic effect of gum exudates from plant material with organic compounds was studied and discussed by many researchers. Jalajaa and her research team studied the synergistic effect between the gum exudates and the substituted piperidone on corrosion inhibition of mild steel in the hydrochloric acid medium by conventional methods 79 . They believed that 3,5-Dimethyl-2,6-diphenylpiperidin-4-one alone afford an average inhibition of the corrosion of mild steel and it was found that the inhibition efficiency enhanced synergistically with Moringa oleifera gum exudates. Afidah and her co-workers extracted inhibitor for MS corrosion from the lignins, of Soda and Kraft from the fruit of palm oil 80 in neutral media. They inferred that the polarization studies confirmed that both the inhibitors behaved as mixed type. Formation of ferric-lignin compounds on mild steel surface was confirmed by FTIR. Bothraja and his co-workers [81] [82] [83] isolated the alkaloid from Xylopia ferruginea bark and leaves and extracts were tested for mild steel corrosion in a hydrochloric acid medium using EIS and PDP. Adsorption of the molecules over the electrodes was confirmed by SEM and FTIR. Afidha and Kassim worked for the corrosion protection of rusted the inhibitive action of mangrove tannins 84 on prerusted steel in phosphoric acid medium via electrochemical methods and the development of vegetal tannins 85 in corrosion protection of iron and steel in acidic medium. The results reflect that the efficiency of the inhibitor of mangrove tannin enhances with the inhibitor concentration. The mechanism of adsorption follows Langmuir isotherm. Corrosion resistance properties of MS in acidic solution with methanolic extract of Artemisia pallens and its active component as was investigated by Garai 86 . The researcher compared the inhibition performance of pure extract and crude. The aqueous extracts of garlic peel 87 and Thyme leaves 88 were used as an inhibitor for corrosion on MS in HCl. The results showed that the performance of inhibition increases with the inhibitor concentration. Polarization studies reveal nature as mixed type inhibitor. The active constituents from Artemisia pallens are Arbutin. Arbutin exhibits the inhibition efficiency of 93% and for the crude methanolic it was 98% at 30°C. The inhibitive effect of Punica granatum 89 extract and important constituents such as ellagic and tannic acid isolated and studied as MS corrosion in 2 M HCl and 1 M H2SO4 solutions were performed.. Though many researchers have reported on the use of corrosion inhibitors extracted from natural products and isolation and identification of the active constituents are responsible on the protection of metals and alloys from corrosion and as well as the mechanistic approaches have seldom been discussed. But some of the researchers reported the alkaloid extracts and isolated compounds and their corrosion inhibition on metal in acidic media. isoreserpiline is the major alkaloid extracted from the bark and leaves of Ochrosia oppositifolia 90 , and were reported as potential inhibitors for mild steel corrosion in hydrochloric acid medium. The inhibition properties of these phytoconstituents were studied using PDP, EIS, SEM, FTIR and molecular modeling techniques. Similarly, a marine alga Caulerpa racemosa 91 was tested as a potential corrosion retarding agent on mild steel in 1 M HCl solution by weight loss and electrochemical methods. The important phytoconstituent such as a bis-indole and caulerpin alkaloids were isolated and characterized by UV spectroscopy, NMR and FTIR. The anticorrosion activities of the alkaloids were investigated by using polarization, impedance, and AFM. They have established the anticorrosion potential of Caulerpa and correlated it due to the presence of caulerpin.
Statistical and Theoretical Approach to Corrosion Inhibition
Simulation is an important analytical computational means for composite scientific and engineering issues. Simulation turns into standard statistical methods where the output can be analyzed using. 2+ 93 on carbon steel by weight loss and electrochemical methods and proved that the given system was statistically significant. Yaro and his co-workers 94 have used ANOVA on the data for the corrosion prevention of MS in 1 M phosphoric acid by apricot juice obtained from weight loss data. ANOVA has shown that the corrosion rate is influenced by temperature, inhibitor concentration and combined interaction of them. Loto and his co-workers 95 studied the inhibition performance of Vernonia amygdalina extract on the MS corrosion l in neutral medium. The outcome of the statistical test verified with the results at 95% of assurance. Similarly another author investigated the performance of fenugreek (Trigonella foenum graecum) 96 seed extract as an inhibitor on mild steel under corrosive medium. A statistical view on their investigations revealed that the synergistic effect existing between fenugreek extract and potassium iodide is statistically significant. The computational approach is useful to correlate the adsorption of molecules over the metal surface and the extent of protection by applying the computer modeling techniques. This approach needs an understanding the mathematics which governs the corrosion process and the physical phenomenon of corrosion. Many attempts were made by many researchers and they correlate the properties of the molecule with their respective structures of isolated molecules and in turns their inhibition by performing calculations by DFT under specific conditions. However, the leaves extract of Salvia officinalis 97 were used as a stainless steel corrosion inhibitor for in 1M HCl solution by means of mass loss and electrochemical experiments. Bothiraja and his team 98 isolated pure alkaloid (3 β-isodihydrocadambine) from Neolamarckia cadamba and investigated it for mild steel corrosion in 1 M HCl medium. They gave evidence of the adsorption by molecular modeling and proved that the shielding effect was caused by alkaloids particularly, 3 β-isodihydrocadambine. Egbedi and his co workers 99 studied the correlation between the inhibitive effect and electronic properties of Spondias mombin extract and its major constituents using density functional theory. Jyothi and Rathidevi 100 explained the corrosion inhibition of mild steel in the sulphuric acid medium by Coccinia indica leaves extract using mass loss and electrochemical experiments. The adsorption of the inhibitor on mild steel surface is spontaneous is confirmed by thermodynamic parameters. The adsorption of the inhibitor on metal surface obeyed Langmuir adsorption isotherm. It was believed that the FTIR and optical profiler images confirmed the adsorption of the inhibitor. Simulation confirmed adsorption of the constituents on the metal surface and thereby protecting the surface from corrosion.
CONCLUSION
The industrial and technological development tends to the use of many metals for construction and fabrication. Because of the improper maintenances, the metal of choice leads to a severe attack, resulting in awful degradation. Although many research articles are witnessing that the current exhaustive research being performed to undertake to identify the issues on metallic corrosion in various environments. In spite of these disadvantages mentioned, this article has shown that the usage of such eco-friendly corrosion inhibitors is the only way onward in the search for safer and environmentally secure protection against metal corrosion.
